It was previously demonstrated that gamma irradiation was the processing technology with the highest capacity to retain chemical profile of fresh Macrolepiota procera wild mushroom, when compared to freeze or oven-dried samples. Herein, it was aimed to evaluate gamma irradiation effects on processed samples. Chemical composition and antioxidant potential of irradiated (0.5 and 1 kGy) fresh, frozen and dried samples were determined by chromatographic techniques and in vitro assays, respectively. A linear discriminant analysis revealed that chemical profiles obtained for each processing technology showed higher accuracy in defining the individual clusters corresponding to the naturally occurring groups, indicating that the tested dose caused weaker changes in the samples. M. procera irradiation attenuated the effects caused by oven-drying or freezing; combining freeze treatment with 0.5 kGy dose preserved total tocopherols.
Introduction
Mushrooms are rapidly perishable and they start deteriorating within a day after harvest.
In view of their highly perishable nature, fresh mushrooms have to be processed to extend their shelf life for off-season use (Walde, Velu, Jyothirmayi, & Math, 2006) .
Standards and reagents
For irradiation: To estimate the dose and dose rate of irradiation it was used a chemical solution sensitive to ionizing radiation, Fricke dosimeter, prepared in the lab following the standards (ASTM, 1992) and Amber Perspex dosimeters (batch V, from Harwell Co., UK). To prepare the acid aqueous Fricke dosimeter solution the following reagents were used: ferrous ammonium sulfate(II) hexahydrate, sodium chloride and sulfuric acid, all purchased from Panreac S.A. (Barcelona, Spain) with purity PA (proanalysis), and water treated in a Milli-Q water purification system (Millipore, model A10, USA).
For chemical analyses: acetonitrile 99.9%, n-hexane 95% and ethyl acetate 99.8% were of HPLC grade from Lab-Scan (Lisbon, Portugal). The fatty acids methyl ester (FAME) reference standard mixture 37 (standard 47885-U) was purchased from Sigma (St.
Louis, MO, USA), as also other individual fatty acid isomers, tocopherol and sugar standards. Racemic tocol, 50 mg/mL, was purchased from Matreya (Plesant Gap, PA, USA).
For antioxidant potential analysis: 2,2-diphenyl-1-picrylhydrazyl radical (DPPH . ) was obtained from Alfa Aesar (Ward Hill, MA, USA). Standards trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) and gallic acid were purchase from Sigma (St.
Louis, MO, USA). Methanol and all other chemicals were of analytical grade and obtained from common sources. Water was treated in a Mili-Q water purification system (TGI Pure Water Systems, Greenville, SC, USA).
Chemical composition
2.3.1. Nutritional value. Moisture, protein, fat, carbohydrates and ash were determined following the AOAC procedures (AOAC, 1995) . The crude protein content (N × 4.38) of the samples was estimated by the macroKjeldahl method; the crude fat was determined by extracting a known weight of the sample with petroleum ether, using a Soxhlet apparatus; the ash content was determined by incineration at 600±15 °C using a Chamber furnace Lenton Thermal Designs Ltd, model ECF 12/22; total carbohydrates were calculated by difference: total carbohydrates = 100 -(g moisture + g protein + g fat + g ash). Total energy was calculated according to the following equation: energy (kcal) = 4 × (g protein + g carbohydrate) + 9 × (g fat).
Free sugars.
Free sugars were determined by high performance liquid chromatography coupled to a refraction index detector (HPLC-RI) after the extraction procedure described by Reis, Barros, Martins, & Ferreira (2012a) , using melezitose as internal standard (IS). The equipment consisted of an integrated system with a pump (Knauer, Smartline system 1000, Berlin, Germany), degasser system (Smartline manager 5000), auto-sampler (AS-2057 Jasco, Easton, MD, USA) and a RI detector (Knauer Smartline 2300). Data were analysed using Clarity 2.4 Software (DataApex).
The chromatographic separation was achieved with a Eurospher 100-5 NH 2 column (4.6 × 250 mm, 5 mm, Knauer) operating at 30 ºC (7971 R Grace oven). The mobile phase was acetonitrile/deionized water, 70:30 (v/v) at a flow rate of 1 mL/min. The compounds were identified by chromatographic comparisons with authentic standards.
Quantification was performed using the internal standard method and sugar contents were further expressed in g per 100 g of dry weight (dw).
Fatty acids.
Fatty acids were determined by gas-liquid chromatography with flame ionization detection (GC-FID), after the extraction and derivatization procedures described previously (Reis et al., 2012a has been added at a particular level, and A DPPH is the absorbance of the DPPH solution.
Reducing power.
The methodology was performed using the Microplate Reader described above. The different concentrations of the extracts (0.5 mL) were mixed with sodium phosphate buffer (200 mmol/L, pH 6.6, 0.5 mL) and potassium ferricyanide (1% w/v, 0.5 mL). For each concentration, the mixture was incubated at 50 ºC for 20 min, and trichloroacetic acid (10% w/v, 0.5 mL) was added. The mixture (0.8 mL) was poured in the 48-wells, as also deionized water (0.8 mL) and ferric chloride (0.1% w/v, 0.16 mL), and the absorbance was measured at 690 nm.
Inhibition of β-carotene
bleaching. β-carotene (2 mg) was dissolved in chloroform (10 mL) and 2 mL of this solution were pipetted into a round-bottom flask.
After the chloroform was removed at 40 ºC under vacuum, linoleic acid (40 mg), Tween 80 emulsifier (400 mg), and distilled water (100 mL) were added to the flask with vigorous shaking. Aliquots (4.8 mL) of this emulsion were transferred into different test tubes containing different concentrations of the extracts (0.2 mL). The tubes were shaken and incubated at 50 ºC in a water bath. As soon as the emulsion was added to each tube, the zero time absorbance was measured at 470 nm. β-Carotene bleaching inhibition was calculated using the following equation: (absorbance after 2 h of assay/initial absorbance) × 100.
TBARS (thiobarbituric acid reactive substances) assay. Porcine (Sus scrofa)
brains were obtained from official slaughtering animals, dissected, and homogenized with a Polytron in ice cold Tris-HCl buffer (20 mM, pH 7.4) to produce a 1:2 w/v brain tissue homogenate which was centrifuged at 3000g for 10 min. An aliquot (100 µL) of the supernatant was incubated with the different concentrations of the samples solutions (200 µL) in the presence of FeSO 4 (10 mM; 100 µL) and ascorbic acid (0.1 mM; 100 µL) at 37 ºC for 1 h. The reaction was stopped by the addition of trichloroacetic acid (28% w/v, 500 µL), followed by thiobarbituric acid (TBA, 2%, w/v, 380 µL), and the mixture was then heated at 80 ºC for 20 min. After centrifugation at 3000g for 10 min to remove the precipitated protein, the color intensity of the malondialdehyde (MDA)-TBA complex in the supernatant was measured by its absorbance at 532 nm. The inhibition ratio (%) was calculated using the following formula: Inhibition ratio (%) =
[(A -B)/A] × 100%, where A and B were the absorbance of the control and the sample solution, respectively.
Total phenolics measured by Folin-Ciocalteu assay. The extract solution (1 mL)
was mixed with Folin-Ciocalteu reagent (5 mL, previously diluted with water 1:10, v/v) and sodium carbonate (75 g/L, 4 mL). The tubes were vortex mixed for 15 s and allowed to stand for 30 min at 40 ºC for color development. Absorbance was then measured at 765 nm. Gallic acid was used to obtain the standard curve (0.0094-0.15 mg/mL), and the results were expressed as mg of gallic acid equivalents (GAE) per g of extract.
Statistical analysis
An analysis of variance (ANOVA) with Type III sums of squares was performed using the GLM (General Linear Model) procedure of the SPSS software, version 18.0. The dependent variables were analyzed using 2-way ANOVA, with "processing type" (PT)
and "gamma irradiation dose" (GID) as factors. As a significant interaction (PT×GID) was detected for all cases, the two factors were evaluated simultaneously by the estimated marginal means plots (EMM) for all levels of each single factor.
In addition, a linear discriminant analysis (LDA) was used to compare the effect of the PT and GID on nutritional value, free sugars, fatty acids, tocopherols and antioxidant parameters. A stepwise technique, using the Wilks' λ method with the usual probabilities of F (3.84 to enter and 2.71 to remove), was applied for variable selection.
This procedure uses a combination of forward selection and backward elimination processes, where the inclusion of a new variable is preceded by verifying if all variables previously selected remain significant (Maroco, 2003; López, García, & Garrido, 2008) .
With this approach, it is possible to identify the significant variables obtained for each sample. To verify the significance of canonical discriminant functions, the Wilks' λ test was applied. A leaving-one-out cross-validation procedure was carried out to assess the model performance.
All statistical tests were performed at a 5% significance level. For each GID and/or PT, three samples were analysed, with all the assays being also carried out in triplicate. The results are expressed as mean value±standard deviation (SD).
Results and discussion
The tabled values obtained for each individual parameter are reported as mean value of each PT fixed with GID, along with the mean value of all PT doses within each GID. In this way, it is possible to define the PT that allows a better maintenance on any given component, independently of the applied GID, as well as the best GID to be applied without concerning the chosen PT. With no exception, PT×GID interaction was a significant (p < 0.001) source of variation for the results obtained in all the performed analytical assays. Accordingly, despite the least squares means are presented for both effects, no multiple comparisons could be performed. Nevertheless, from the analysis of the EMM plots (data generally not shown) some overall conclusions could be drawn.
Chemical composition
The values obtained for proximate composition ( Despite the similar nutritional profiles obtained within each PT or GID, the EMM plots showed that fat and carbohydrates tended to be higher in fresh samples; in addition, freeze treatment seemed to protect proteins, while ash contents were higher in dried samples. The effect of GID was less noticeable, with the higher content of ash in nonirradiated samples as the only marked change.
Free sugars are known for being good indicators of an adequate conservation technology, since their composition might be affected by technical practices (Barreira, Pereira, Oliveira, & Ferreira, 2010). Mannitol and trehalose were the major quantified sugars ( Table 1) . Dried samples presented the highest ( Figure 1A ) total free sugars content (19±1 g/100 g of dw), mainly due to the levels of mannitol (12±1 g/100 g of dw) detected in these samples. Fresh samples presented the highest contents in melezitose and trehalose, which might indicate that these sugars are more sensitive to the PT. The effect of GID was again less observable, showing differences only in mannitol and total sugars, for which the 1.0 kGy dose conducted to higher contents.
From a global point of view the results obtained for sugars profile were comparable to those reported for M. procera submitted to different processing actions (Barros et al., 2007; Fernandes et al., 2013b) .
The fatty acids profile of M. procera included 24 compounds (the most abundant were presented in Table 2 ) with the prevalence of linoleic acid (65-68%). This fatty acid generally decreased in processed mushrooms, but often as a result of heat processing, which promotes the transformation of linoleic acid into 1-octen-3-ol (Maga, 1981) ; since the applied PT did not comprise high temperatures, the maintenance of C18:2 levels might be accepted. In addition to the tabled fatty acids, C6:0, C8:0, C10:0, C12:0, C14:1, C17:0, C18:3, C20:0, C20:1, C22:0, C22:1, C23:0 and C24:1, were also detected in trace (< 0.3%) amounts (however, all the detected fatty acids were considered in the linear discriminant analysis presented further). Like in the previous results herein reported, the interaction among PT and GID was always significant, and the outcomes obtained in multiple comparison tests could not be presented. Nevertheless, from the analysis of the EMM, some general conclusions can be obtained. For instance, C14:0, C16:1 and C20:2 were lower in samples submitted to freeze conservation. C16:1 is a good example of the interaction among PT and GID; as it can be seen in Figure 1B In a previous work from our research group (Fernandes et al., 2013b) , it could be concluded that the application of a determined PT caused a decreased in total tocopherols content, when compared with fresh samples. However, as it can be reasoned from Table 3 , the combination of two different PT tended to preserve the level of total tocopherols. If we focused in this vitamin, combining the freeze treatment with a 0.5 kGy dose would optimize the amount of total tocopherols in M. procera samples ( Figure 1C) . Furthermore, frozen and dried samples presented the lower amounts of γ-tocopherol and δ-tocopherol, respectively. Individually, the GID did not cause any noticeable change, either for individual vitamers or for total tocopherols.
Antioxidant parameters
The EC 50 values calculated in each antioxidant activity evaluation assay remained nearly constant, independently of the applied GID ( Table 4) In what concerns phenolics content, the PT induced again higher changes than GID. Dried samples presented the highest amounts, while freeze treatment seemed to cause higher losses in phenolics. In fact, these compounds are unstable under heating, but at mild temperatures an increase in phenolics concentration may occur (Yen & Hung, 2000) , which could explain the increase observed in dried mushrooms ( Figure   1D ). Furthermore, thermal treatment until 40 ºC (the temperature used to dry the mushrooms in the oven was 30 ºC) can inactivate endogenous oxidative enzymes (Dewanto, Wu, Adom, & Liu, 2002) . In general, and despite the slightly higher antioxidant activity and phenolic compounds, tested samples showed stronger antioxidant activity (especially for TBARS formation inhibition) and higher phenolics amount, when compared with M. procera samples collected in a different season (Barros et al., 2007) .
Statistical analysis
In general, M. procera samples are characterized for having low caloric values (375-385 kcal/100 g of dw), presenting water and carbohydrates as major nutrients. Mannitol and trehalose were the predominant sugars, with special relevance of the sugar alcohol in samples dried or irradiated with 1.0 kGy, while the disaccharide presented higher amounts in fresh mushrooms. Linoleic, palmitic and oleic acids were, in this order, the main fatty acids; the most noticeable differences in these non-polar molecules were detected in unsaturated forms. Regarding tocopherols composition, δ-tocopherol was the prevalent vitamer reaching maximal values in samples submitted to freeze treatment or irradiated with 0.5 kGy. Neither PT nor GID seemed to affect greatly the antioxidant potential of M. procera extracts.
Despite the particular differences signed out in the previous section, the global effect of each PT or GID still needs to be clarified. Accordingly, LDA was applied to fully understand the differences brought on by the two assayed factors. The discriminant ability of the differences obtained in the results for each assayed parameter is reflected in the classification performance, which can be assessed by evaluating the percentage of correctly classified groups. The parameters assembled in Tables 1-4 were evaluated separately regarding their discriminant power, according with the differences induced either by PT or by GID. Despite the scarce number of well-defined changes in each assayed parameter herein described, it was notorious that PT seemed to exert a higher influence. This assumption ended to be confirmed in the performed LDA assays. The plotted outputs are presented only for nutritional value, since it would be unpractical presenting them in all cases.
In what concerns PT, the five obtained discriminant models were defined by two significant (p<0.001 for the Wilks' λ test) discriminant functions, which included 100.0% of the variance of the experimental data in all cases. Regarding nutritional parameters (Figure 2A) , function 1 (75.7%) and function 2 (24.3%) were mostly correlated with proteins content (higher in frozen samples) and energetic value (higher in fresh samples), respectively; moisture, fat and carbohydrates were the removed variables. In the case of free sugars, function 1 (88.0%) and function 2 (12.0%)
presented the highest correlation with melezitose (higher in fresh samples) and mannitol (higher in dried samples), respectively; fructose and trehalose were the removed variables. Considering fatty acids, function 1 (90.8%) was mostly correlated with C14:0 (lower in frozen samples) and C16:1 (higher in fresh samples), while function 2 (9.2%) presented the highest correlation with C12:0 (higher in dried samples, removed from Table 2 ) and C20:3 (higher in frozen samples); C8:0, C16:0, C18:0, C18:1, C18:2, SFA and MUFA were the removed variables. In what regards tocopherols, function 1 (97.8%) and function 2 (2.2%) were more strongly correlated with γ-tocopherol content (lower in frozen samples) and α-tocopherol, respectively; total tocopherols was the removed variable. In respect to antioxidant parameters, function 1 (76.7%) and function 2 (23.3%) were more correlated with phenolics content (higher in dried samples) and TBARS formation inhibition (higher EC 50 values in dried samples), respectively; reducing power was the removed variable. In terms of classification performance, the differences resulting from the applied PT showed high discriminant power, since 100.0% of the samples were correctly classified, either for the original groups as well as for the cross-validation procedure for all the LDA analyses, except the performed with tocopherols (93.8% for the original groups and 92.6% for the cross-validation procedure) and antioxidant parameters (98.8% for the cross-validation procedure).
Regarding GID, the five obtained discriminant models were also defined by two the samples were correctly classified for the original groups and 65.4% for the crossvalidation procedure.
Overall, the chemical profiles obtained for each PT showed higher accuracy in defining the individual clusters corresponding to the naturally occurring groups, indicating that the tested GID caused weaker changes in M. procera samples. Furthermore, by treating M. procera with gamma irradiation, the differences caused by oven-drying or freeze conservation tended to be attenuated. In fact, the values obtained in M. procera samples submitted only to a single PT showed higher variability (Fernandes at al., 2013b) ,
indicating that rather than a conservation methodology per si, gamma irradiation might act as a useful adjuvant to other conservation techniques. Table 4 . Antioxidant activity and total phenolics content of Macrolepiota procera samples submitted to different processing types (PT) or irradiation doses (GID). The results are presented as mean±SD.
DPPH scavenging activity
